This study aimed to compare the genetic gains of two different selection methods for agronomic traits in soybean. A population from the cross of VI045032 x 4904 (LSB10) was advanced using the bulk method and modified bulk method to the F 6 generation. Measured traits were growth duration, plant height, height of the first pod node, number of pods per plant, the percentage of 3-seeded pods, 100-seed weight, individual yield, and yield. Both methods were equally efficient and could be used for segregating and the stabilizing phase of progenies/populations of soybean crosses. However, the bulk method appeared to be more efficient for the improvement of yield-related traits while the modified bulk method was more efficient for the improvement of morphological traits.
Introduction
Soybean (Glycine max (L.) Merr.) breeding, like the breeding of other crops, is a process involving the development of variability for desirable traits, selection of superior genotypes, and multiplication of seeds (Dallastra et al., 2014; Desissa, 2017) . Variability is obtained through various methods such as hybridization, mutation, and biotechnology applications. Different selection methods used for the identification of desirable traits are the pedigree, single-seed descent, mass selection, and bulk methods (Allard, 2014) . In addition, modified selection methods have also been developed and applied elsewhere (Toledo et al., 1994; Destro et al., 2003; Miladinovic et al., 2011) . Progress in plant breeding largely depends on the skill of the breeder in identifying selection criteria and applying selection methods that are able to promote the desired changes in characteristics of interest in a breeding program. Very traditional and common selection methods for self-pollinated crops and for soybean, in particular, are pedigree, pure line, bulk, and single seed descent (Acquaah, 2012) . Each selection method has both advantages and disadvantages, and their efficiencies depend upon a variety of circumstances. The pedigree and single-seed descent (SSD) method has been used successfully and most often in soybean breeding (Cooper, 1990; Orf, 2008) . However, in the bulk selection method, the population is advanced in bulk with no artificial selection until later generations when nearly homozygous lines are selected for yield testing. This makes the bulk method advantageous over those methods used most often.
In addition, various studies have reported variable efficiencies with different and modified methods of selection applied in cross progenies. In studies comparing several generations advancing methods, Toledo et al. (1994) showed that single pod descent (SPD) and single pod descent with selection (SPDS) had similar probabilities in generating descendants with high grain yield when the sample of genetic variability was comparable. Using similar methods, Destro et al. (2003) concluded that both the SPD and SPDS methods were equivalent for the number of days to maturity in the F 3 generation, and for the number of days to flowering in the F 4 generation. However, SPDS was preferable since it yielded superior means for several specific traits such as plant height and individual yield. In a study by Miladinovic et al. (2011) , among three methods of selection, modified single seed descent was the most efficient in terms of the improvement of mean values for seed yield and genetic gain compared to the other two methods, modified single-seed descent and the bulk method.
The choice of method depends on the breeding objective, available genetic variability, availability of facilities, application levels of machines, and skills of the breeders. In addition, available information on the efficiencies of various selection methods is significantly useful for soybean breeders in choosing appropriate methods. Thus, this study aims to compare genetic gains of two different selection methods, namely the bulk and modified bulk methods, for morphological and yield-related traits in soybean.
Materials and Methods

Hybrid generations and selection methods
A cross between VI045032 x 4904 (LSB10) was made in the spring of 2014. The F 1 generation was wide-spaced planted in a glasshouse for seed production. Two methods of selection were applied to the hybrid progeny as described below.
Bulk method (Method 1)
Seeds of the F 1 hybrid generation were bulked and planted to obtain seeds for the F 2 generation. Seeds of each F 2 plant were harvested separately and planted in rows as families in the F 3 generation. In the F 3 , three seeds of each plant from each family were then harvested and bulked. In the F4 and F5 generations, seeds of each family were planted in rows. Visually, the desirable F5 plants were chosen based on the selection criteria described in the line evaluation methods (Table 1) , and seeds from each selected plant were planted in separate rows in the F6 generation to produce 27 lines.
Modified bulk method (Method 2)
Seeds of the F1 hybrid generation were bulked and planted to obtain seeds for the F2 generation. Seeds of each F2 plant were harvested separately and planted in rows as families for the F 3 generation. Visually, five desirable/good F 3 plants were selected based on the selection criteria, and seeds of each plant were planted in separate rows in the F 4 generation. Seeds from each of the F 4 lines were harvested and bulked for the F 5 generation. Visually, good plants in the F 5 generation were selected and seeds from each were planted in separate rows in the F 6 generation to produce 25 lines.
Line evaluation
The F 6 lines were planted in double rows of 3 m long plots at a spacing of 45 x 10 cm. The parents were planted with two replications. The criteria for selection in different generations and the F 6 generation were: plant height of ≥ 40 cm, height of first pod node ≥ 10 cm, individual yield of ≥ 14 g/plant, and yield of ≥ 2.0 tons ha -1 . Other traits included lodging tolerance, having non-shattering pods, and synchronized ripening.
Data analysis
Broad sense heritabilities for the traits in the F 5 generation were calculated and used for analyzing genetic gains in the F 6 generation using the following equation (Allard, 2014) :
where, V P is the variance among families and V E is the environmental variance.
Genetic advance in absolute unit (∆G) and as a percentage of the mean (GAM) in the F 6 generation were calculated from the selected F 6 families that met the above-mentioned criteria as follows (Johnson et al., 1955) :
where, ∆G = R is the genetic gain, S is the selection differential (the difference between the population mean before (X P ) and after (X s ) selection), H 2 is the broad sense heritability, and X is the grand mean.
Results and Discussion
Means of the measured traits in the F 5 generation indicated differences in trait expression between the two methods. Although there was no difference in growth duration, method 2 resulted in higher means for all traits except for the percentage of 3-seeded pods which had a higher mean value in method 1 than in method 2 (7.6 compared to 5.8) as shown in Table 2 . Heritability estimates in the LSB10 population were in the range of 0.06-0.70 which were similar to the ranges of other published studies (Rose et al., 1992; Costa et al., 2008; Bilyeu et al., 2010; Desissa, 2017) .
Between the two methods, the heritability estimates were quite similar for plant height (0.68 and 0.70) and individual yield (0.23 and 0.31). Significant differences in the heritability estimates between the two methods were observed for other traits such as the height of the first pod node, percentage of 3-seeded pods, and weight of 100 seeds. Similarly, Miladinovic et al. (2011) estimated different heritabilities for yield, number of pods per plant, number of seeds per plant, and weight of 1000 seeds from bulk, pedigree, and single-seed-descent selection methods in soybean.
The growth duration of the F 6 families selected by method 1 was in the range of 94-104 days, which was within the range of the parents (93-105 days) (Table 3 ). This range was also similar for method 2 (94-107 days) (Table 4 ). Higher averages for most traits were achieved by families selected using method 2, namely plant height, height of the first pod node, the total number of pods/plant, individual yield, and yield.
The F 6 families expressed good growth with average plant heights > 45 cm. Several of the families had plant height exceeding 70 cm, such as LSB10-15, LSB10-2-14, LSB10-3-6, and LSB10-4-11. However, plants that were can be susceptible to lodging. The overall numbers of pods per plant were quite variable from 20.6-56.0 pods/plant for both methods. The 100-seed weight of the F 6 families were classified into light (< 10 g/100 seeds), medium (10-17 g/100 seeds), and heavy (> 17 g/100 seeds) groups. Method 1 seemed to produce slightly larger 100-seed weight than method 2.
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Individual yield ranged from 7.2-14.5 g/plant and 9.2-19.8 g/plant in methods 1 and 2, respectively. There were several families with high individual yields (≥ 14 g/plant) selected from both methods, such as LSB10-3, LSB10-7, LSB10-16, LSB10-3-11, LSB10-17-1, and LSB10-33-7.
The highest average yield for the F 6 families selected by method 1, 2.06 tons ha -1 , was achieved by LSB10-11, while that of the F 6 families selected by method 2, 2.58 tons ha -1 was achieved by LSB10-33-7 which was also higher than the parents. The numbers of families with yields ≥ 2 tons ha -1 were 5 and 12 for methods 1 and 2, respectively.
Based on the selection criteria, 5 families were selected using method 1 (LSB10-7, LSB10-8, LSB10-11, LSB10-16, and LSB10-22) and 10 families were selected using method 2 (LSB10-1-16, LSB10-3-4, LSB10-3-11, LSB10-4-19, LSB10-12-2, LSB10-14-18, LSB10-15-10, LSB10-17-1, LSB10-22-10, and LSB10-33-7). These families were used for the genetic gain calculation (Table 5) .
Although trait expressions in method 2 seemed to be better than in method 1, genetic gains showed the opposite trend. Method 1 produced higher genetic gain values for yieldrelated traits such as a total number of pods per plant, the percentage of 3-seeded pods, 100-seed weight, and individual yield. In contrast, method 2 yielded higher genetic gain values for plant height and height of the first pod node (Table 5) . Among the measured traits, the highest gains from both selection methods were for plant height.
When comparing the efficiencies of three different selection methods in soybean, Miladinovic et al. (2011) found that the pedigree, single-seed descent, and bulk methods produced various genetic gain values depending on the traits and populations. For example, the pedigree method resulted in a higher genetic gain for seed yield and number of pods per plant while single seed descent had the highest genetic gain values for 100-seed weight. Even in another crop, faba bean, Ahmed et al. (2008) suggested that the pedigree selection method was the best for breeding for higher yield compared to the mass selection and picking-pod methods.
Genetic advances as percentages of the means were classified as low (0-10%), moderate (10-20%), and high (above 20%) as stated by Johnson et al. (1955) and Zaraf et al. (2008) . Thus, plant height, number of pods per plant, and percentage of 3-seeded pods obtained high genetic advances in method 1. In method 2, only plant height had high a genetic advance (51.8). Thus, high heritabilities for the plant height, number of pods per plant, and percentage of 3-seeded pods were associated with high genetic advances, indicating additive gene action in the inheritance of these traits. The results indicated that a change in the mean value of a population did not always reflect the actual status of the mean values for the measured traits. In this study, the selection method that brought about a higher mean value for a given trait was not always be the method that achieved a higher genetic gain in relation to the previous generation. It had been expected that the highest genetic gains would be correlated with the highest mean values for given traits. However, in this study, the higher gains were more frequently found in families selected using method 1 rather than method 2. It was also noticed that method 1 was more efficient in improving genetic gains for yield-related traits such as the number of pods per plant, 100-seed weight, and individual yield. By contrast, method 2 was more efficient for morphological improvement. 
Conclusions
Both the bulk and modified bulk methods are efficient and allow breeders to select and advance desirable plants. In addition, different selection methods should be used based on breeding objectives. The bulk method is more efficient in improving yield-related traits while the modified bulk method is more efficient in improving morphological traits.
